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(54) Method for purification and transfer to separation/detection systems of DNA sequencing 
samples and plates used therefor 

(57) Disclosed are: a part for assembling reaction 
vessels comprising a base plate with through-holes 
passing said plate in the direction of thickness; a 
method for preparation of reaction vessels containing a 
reaction solution characterized in that the part is 
immersed in a reaction solution to charge the through- 
holes with the reaction solution and then one of aper- 
tures of each hole of the above through-holes is sealed 
with a membrane to complete said reaction vessels; 
and a plate comprises a base plate with through-holes 
passing said plate in the direction of thickness and a 
membrane for sealing one of apertures of each hole of 
said through-holes. The plate is used for purification of 
DNA sequencing samples using a pressure difference 
or an electrical potential, and transferring DNA 
sequencing samples to a separation/detection system. 
By the means or the method of the invention, reaction 
solutions can be easily charged into a large number of 
wells in a short time, unreacted labeling substances and 
the like can be easily removed in a short time from a plu- 
rality of DNA sequencing samples, and a large number 
of DNA sequencing samples can be easily purified 
and/or transferred to electrophoresis capillaries in a 
short time. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a plate used for 
transferring DNA sequencing samples to a separa- 
tion/detection system. The plate of the present invention 
is capable of transferring at one time (at the same time) 
a plurality of reaction products produced in wells of a 
multi-reaction plate to an analyzer using a large number 
of capillaries, such as an analyzer based on electro- 
phoresis. 

The present invention further relates to a method 
for transferring DNA sequencing samples utilizing the 
plate mentioned above, a method for purifying DNA 
sequencing samples utilizing the same and a method 
for purifying and transferring DNA sequencing samples 
utilizing the same. 

With recent marked developments of DNA detec- 
tion methods utilizing laser fluorescence, laser fluores- 
cence DNA sequencers have been widely used as very 
useful apparatuses. Developments of such techniques 
have also enabled analysis of a large number of sam- 
ples in, for example, genome researches and DNA diag- 
noses (approximately 100 lanes or less/2 
operations/day/apparatus). Typical examples of such 
laser sequencers are those utilizing slab type gels and 
capillary type gels. 

Further, in order to analyze samples of a further 
larger number than is possible by current techniques, 
apparatuses having a larger number of electrophoresis 
lanes (for example, 200 to 1000 lanes/operation) are 
under developing. As examples of such apparatuses, 
multi-capillary type sequencers can be mentioned. 

However, as the number of lanes increases, the 
operation of transferring samples to the lanes becomes 
more time-consuming and more burdensome. That is, 
when a large number of samples are loaded on each of 
capillary gels, each sample should be injected into each 
capillary by contacting one end of the capillaries with a 
fine electrode lead. Therefore, development of a tech- 
nique enabling short-time and easy transfer of a large 
number of samples is considered an urgent requisite. 

Further, charging reaction solutions into wells of 
micro-titer plates also requires more time as the number 
of the wells increases. Therefore, a means for charging 
reaction solutions into wells in a short time is also 
desired. 

Furthermore, in DNA sequencing reaction prod- 
ucts, fragments of various lengths labeled with fluores- 
cent substance or the like are present with un reacted 
labeling reagent. A major part of such coexisting unre- 
ached labeling reagent has not been utilized in the reac- 
tion and exists in the reaction mixture in free form. If 
such a reaction solution is used for electrophoresis as it 
is, the fluorescence label of a high concentration is 
simultaneously migrated and generates a signal mark- 
edly stronger than those of the target sequences. As a 
result, intended analysis becomes impossible to be per- 
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formed. Accordingly, the fluorescence label should be 
removed before the separation. However, removal of the 
unreacted labeling reagent with respect to hundreds of 
samples requires much labor and time. As a result, even 
s if efficiency of DNA sequencing methods itself is 
improved, a rate-determining factor would be present 
before the sequencing. 

Therefore, the first object of the present invention is 
to provide a means capable of easily charging reaction 
10 mixtures into a large number of wells in a short time. 

The second object of the invention is to provide a 
method for easily removing unreacted labeling sub- 
stances and the like in a short time from a plurality of 
DNA sequencing samples containing the labeling sub- 
15 stances. 

The third object of the present invention is to pro- 
vide a means capable of easily transferring a large 
number of DNA sequencing samples to electrophoretic 
capillaries in a short time. 

20 The fourth object of the present invention is to pro- 
vide a method for easily removing unreacted labeling 
substances and the like in a short time from a plurality of 
DNA sequencing samples containing the labeling sub- 
stances and capable of easily transferring a large 

25 number of DNA sequencing samples to electrophoretic 
capillaries in a short time. 

SUMMARY OF THE INVENTION 

30 The first embodiment of the present invention 
relates to a part for assembling reaction vessels com- 
prising a base plate with through-holes passing said 
plate in the direction of thickness. 

The second embodiment of the present invention 

35 relates to a method for preparation of reaction vessels 
containing a reaction solution characterized in that the 
above part of the present invention is immersed in a 
reaction solution to charge the through-holes with the 
reaction solution and then one of apertures of each hole 

40 of the above through-holes is sealed with a membrane 
to complete said reaction vessels. 

The third embodiment of the present invention 
relates to a plate used for transferring DNA sequencing 
samples to a separation/detection system characterized 

45 in that the plate comprises a base plate with through- 
holes passing said plate in the direction of thickness 
and a membrane for sealing one of apertures of each 
hole of said through-holes. 

The fourth embodiment of the present invention 

so relates to a method for removal of unreacted low molec- 
ular compounds contained in DNA sequencing samples 
characterized in that said DNA sequencing samples are 
charged in the through-holes of the plate according to 
the third embodiment of the present invention respec- 

55 tively, a pressure difference is provided between the 
remaining apertures of the through-holes and the out- 
side of the sealing membrane in such a manner that the 
membrane side should have negative pressure to trans- 
fer said unreacted low molecular compounds in the 
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DNA sequencing samples to the outside of the samples 
through said membrane. 

The fifth embodiment of the present invention 
relates to a method for removal of unreacted low molec- 
ular compounds contained in DNA sequencing samples 
characterized in that said DNA sequencing samples are 
charged in the through-holes of the plate according to 
the third embodiment of the present invention respec- 
tively, and a potential is applied between said DNA 
sequencing samples and the outside of the sealing 
membrane to transfer said unreacted low molecular 
compounds in the DNA sequencing samples to the out- 
side of the samples through said membrane. 

The sixth embodiment of the present invention 
relates to a method for transferring DNA sequencing 
samples respectively charged in the through-holes of 
the plate according to the third embodiment of the 
present invention to electrophoretic capillaries for a sep- 
aration/detection system wherein one of terminals of 
each capillary of the electrophoretic capillaries are 
inserted into said DNA sequencing samples and a 
potential is applied between said electrophoretic capil- 
laries and the outside of the sealing membrane to trans- 
fer said DNA sequencing samples into the 
electrophoretic capillaries. 

Die seventh embodiment of the present invention 
relates to a method for transferring DNA sequencing 
samples to a separation/detection system characterized 
in that said DNA sequencing samples are charged in 
the through-holes of the plate according to the third 
embodiment of the present invention respectively, one 
of terminals of each capillary of the electrophoretic cap- 
illaries are inserted into said DNA sequencing samples 
contained in the through-holes from the unsealed aper- 
tures and the charged contents are aspirated into the 
electrophoretic capillaries from the other terminal of 
each capillary of the electrophoretic capillaries to trans- 
fer target substances contained in said DNA sequenc- 
ing samples into the electrophoretic capillaries. 

The eighth embodiment of the present invention 
relates to a method for purification and transfer to a sep- 
aration/detection system of DNA sequencing samples, 
which comprises removing unreacted low molecular 
compounds contained in the DNA sequencing samples 
and then transferring target substances contained in the 
DNA sequencing samples to electrophoretic capillaries 
for the separation/detection system, characterized in 
that said DNA sequencing samples are charged in the 
through-holes of the plate according to the third embod- 
iment of the present invention respectively, one of termi- 
nals of each capillary of electrophoretic capillaries are 
inserted into said DNA sequencing samples, a potential 
is applied between the outside of said membrane seal- 
ing the through-holes charged with said DNA sequenc- 
ing samples and the other terminal of each capillary of 
the electrophoretic capillaries to transfer unreacted low 
molecular compounds contained in said DNA sequenc- 
ing samples to the outside of the samples through the 
membrane, and then a potential is applied between the 



outside of said membrane and the other terminal of 
each capillary of the electrophoretic capillaries to trans- 
fer said target substances in the DNA sequencing sam- 
ples into the electrophoretic capillaries. 
5 The ninth embodiment of the present invention 
relates to a method for purification and transfer to a sep- 
aration/detection system of DNA sequencing samples, 
which comprises removing unreacted low molecular 
compounds contained in the DNA sequencing samples 
10 and then transferring target substances contained in the 
DNA sequencing samples to electrophoretic capillaries 
for the separation/detection system, characterized in 
that said DNA sequencing samples are charged in the 
through-holes of the plate according to the third embod- 
15 iment of the present invention respectively, a pressure 
difference is provided between the remaining apertures 
of the through-holes and the outside of the sealing 
membrane in such a manner that the membrane side 
should have negative pressure to transfer said unre- 
20 acted low molecular compounds in the DNA sequencing 
samples to the outside of the samples through said 
membrane, then one of terminals of each capillary of 
electrophoretic capillaries are inserted into said DNA 
sequencing samples, and a potential is applied between 
25 the outside of said membrane sealing the through-holes 
charged with said DNA sequencing samples and the 
other terminal of each capillary of the electrophoretic 
capillaries to transfer said target substances contained 
in said DNA sequencing samples into the electro- 
do phoretic capillaries. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a schematic cross-sectional view for 
35 illustrating a part for assembling reaction vessels of the 
present invention and the method for preparation of the 
vessels of the present invention containing a reaction 
mixture. 

Figure 2 is a schematic cross-sectional view of a 
40 plate for transferring DNA sequencing samples to a sep- 
aration/detection system of the present invention. 

Figure 3 is a schematic cross-sectional view for 
illustrating the method for removal of unreacted low 
molecular compounds according to the present inven- 
ts tion (pressure difference method). 

Figure 4 is a schematic cross-sectional view for 
illustrating the method for removal of unreacted low 
molecular compounds (electrical method) and the 
method for transferring DNA sequencing samples to a 
so separation/detection system (electrical method) accord- 
ing to the present invention. 

Figure 5 is a schematic cross-sectional view for 
illustrating the method for removal of unreacted low 
molecular compounds according to the present inven- 
55 tion (electrical method). 

Figure 6 is a schematic cross-sectional view for 
illustrating the method for transferring DNA sequencing 
samples to a separation/detection system according to 
the present invention (pressure difference method). 
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Figure 7 is a schematic view for illustrating the 
method for separation and detection by electrophoresis. 

Figure 8 is a schematic view for illustrating the 
method for removal of unreacted low molecular com- 
pounds (pressure differentiation method). 

Figure 9 is a schematic view for illustrating the 
method for transferring DNA sequencing samples to 
electrophoretic capillaries (electrical method). 

Figure 10 shows a sequencing ladder of a migration 
pattern obtained by an imaging analyzer. 

PREFERRED EMBODIMENTS OF THE INVENTION 

Part for assembling reaction vessels and method for 
preparing the same (the first and the second embodi- 
ments). 

The part for assembling reaction vessels of the 
present invention consists of a base plate with through- 
holes passing the plate in the direction of thickness. The 
part can be used for the preparation of reaction vessels 
containing a reaction solution. It will be explained here- 
inafter by the reference to Fig..1 . 

The part for assembling reaction vessels 20 consist 
of a base plate 22 with through-holes 21 passing the 
plate in the direction of thickness. The base plate 22 can 
be made of, for example, synthetic resins, glass or the 
like. The size and the thickness of the plate can be suit- 
ably selected considering the size (inner-diameter and 
depth) and the number of the through-holes 21. The 
size (inner-diameter and depth) and the number of the 
through-holes 21 can be defined properly depending on 
the use of the plate. The inner-diameter of the through- 
holes 21 may be, for example, 0.05 to 10 mm, preferably 
0.5 to 5 mm. The depth of the through-holes 21 may be, 
for example, 0.2 to 200 mm. The number of the through- 
holes 21 , although the larger it is, the more samples can 
be processed simultaneously, is properly selected con- 
sidering the number of electrophoretic capillaries, the 
performance and the like of a separation/detection 
apparatus to be used. 

Vessels containing a reaction solution can be pre- 
pared by immersing the above-mentioned part for 
assembling reaction vessels 20 in a reaction solution 25 
to charge the through-holes 21 with the solution 25a, 
and then sealing one of the apertures of each through- 
hole with a membrane 23 to obtain the reaction vessel 
24. 

Nature of the reaction solution is not particularly 
limited and it can be selected depending on the pur- 
pose. For example, it can be a buffer solution containing 
various kinds of enzymes. 

Plate for transfer to a separation/detection system (the 
third embodiment) 

The plate for transfer to a separation/detection sys- 
tem of the present invention will be explained by the ref- 
erence to Fig. 2. 



A plate for transfer to a separation/detection system 
1 consists of a base plate 3 with through-holes 2 pass- 
ing the plate in the direction of thickness and a mem- 
brane 5 provided for sealing one of apertures 4 of each 
5 through -hole 2. 

The plate 3 can be made of, for example, synthetic 
resins, glass or the like and the size and the thickness 
thereof can be suitably selected considering the size 
(inner-diameter and depth) and the number of the 

10 through-holes 2. 

The size (inner-diameter and depth) and the 
number of the through-holes 2 can also be suitably 
selected considering the use of the plate. The inner- 
diameter of the through-holes 2 may be, for example, 

is 0.1 to 5 mm, and the depth of the through-hole may be 
for example 0.2 to 200 mm. The number of the through- 
holes 2, although the larger it is, the more samples can 
be processed simultaneously, is properly selected 
depending on the number of electrophoretic capillaries, 

20 the performance and the like of a separation/detection 
system to be used. 

Material of the membrane 5 can be suitably 
selected depending on the use of the plate. For exam- 
ple, when target substances in DNA sequencing sam- 

25 pies are electrically transferred to the electrophoretic 
capillaries, the membrane 5 can be made of a material 
capable of conducting electricity when contacting with 
an electrolyte. For example, it can be a membrane used 
as a separator membrane for molecular sieving such as 

30 ultrafiltration membranes. 

When target substances in DNA sequencing sam- 
ples are transferred to the electrophoretic capillaries by 
utilizing a pressure difference, the membrane 5 may be 
a liquid permeating material, such as a membrane of 

35 cellophane, polyether sulfone or the like. 

When unreacted low molecular compounds in the 
DNA sequencing sample are electrically removed from 
the system through the membrane 5, the membrane 5 
can be a material which permeates the low molecular 

40 compounds but not reaction products, i.e., DNA frag- 
ments. For example, an ultrafiltration membrane can be 
used. 

Further, when the unreacted low molecular com- 
pounds in the DNA sequencing samples are removed 

45 electrically from the system through the membrane 5 
and then the target substances in the DNA sequencing 
samples are electrically transferred to the electro- 
phoretic capillaries, the membrane 5 can be a material 
which permeates the low molecular compounds but not 

so the reaction products, i.e., DNA fragments, and which is 
capable of conducting electricity when contacting with 
an electrolyte. As such a membrane, for example, an 
ultrafiltration membrane can be employed. 

As the ultrafiltration membrane of the plate of the 

55 present invention, a polyether sulfone membrane can 
be used. 
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Method for removing unreacted low molecular com- 
po un ds (P re ss ure diff er enc e me thod) (the forth embod- 
iment) 

The method will be explained hereinafter by the ref- s 
erence to Fig. 3. 

As the through-holes 2 of the plate 1 of the present 
invention are charged with DNA sequencing samples 7, 
a pressure difference is provided between the apertures 
2a of the through-holes and the outside of the mem- 
brane 5 so that the outside of the membrane 5 should 
have negative pressure. More specifically, the pressure 
difference can be produced so that the outside of the 
membrane 5 should have negative pressure by provid- 
ing a vacuum container 20 on the plate 1 at the mem- 
brane side and reducing the pressure therein. The 
unreacted low molecular compounds in the DNA 
sequencing samples can be transferred to the outside 
of the samples through the membrane 5 together with 
the other low molecular compounds such as water. 

Method for removing unreacted low molecular com- 
pounds (electrical method) (the fifth embodiment) 

The fifth embodiment may be exemplified by the fol- 
lowing two methods. 

In the first method, terminals of electrophoretic cap- 
illaries are inserted into the DNA sequencing samples 
respectively, wherein the other terminals of said capillar- 
ies are contacted with an electrolyte having an elec- 
trode (1); the sealing membrane are contacted with an 
electrolyte with which an electrode (2) is contacted; and 
a potential is applied between the electrodes (1) and 
(2). This method in which an electrode is immersed in 
the DNA sequencing sample is shown in Fig 5. 

As an electrode 12 is immersed into the DNA 
sequencing sample 7 charged in the through-hole 2 of 
the plate 1 , a potential is applied between the outside of 
the membrane 5 and an electrode 12 so that the elec- 
trode 12 should be a cathode. In this manner, the unre- 
acted low molecular compounds in the DNA sequencing 
sample 7 can be transferred to the outside of the sam- 
ple 7 through the membrane 5 as well. Although Fig. 5 
shows the above-described operation for only one of the 
through-holes 2, the operation of transferring the low 
molecular compounds can be carried out for a plurality 
of or all of the through-holes 2 simultaneously. 

In the above-mentioned method, unreacted low 
molecular compounds in the DNA sequencing samples 
within a plurality of or all of the through-holes are simul- 
taneously transferred through the membrane 5 to the 
outside of the samples by contacting the whole surface 
of the membrane 5 of the plate 1 with the electrolyte 8, 
immersing each electrode 12 or each capillary 6 of elec- 
trophoretic capillaries in the sample within each of the 
through-holes and applying a potential. 

In the second method, electrodes are inserted into 
the DNA sequencing samples respectively; the sealing 
membrane are contacted with an electrolyte with which 
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an electrode is contacted; and a potential is applied 
between the electrodes inserted in the DNA sequencing 
samples and the electrode contacted with the electro- 
lyte. This method will be explained by the reference to 
Fig. 4. 

As one of the terminals 6a of each electrophoretic 
capillary 6 is immersed into the DNA sequencing sam- 
ple 7 charged in each through-hole 2 of the plate 1, a 
potential is applied between the outside of the mem- 
brane 5 and the other terminal 6b of the capillary 6 so 
that the other terminal 6b of the capillary 6 should be a 
cathode. The potential can be applied by using an elec- 
trode 9 as an anode and an electrode 10 as a cathode 
and contacting the membrane 5 with an electrolyte 8 
where the electrode 9 is immersed and the other termi- 
nal 6b of the electrophoretic capillary 6 with an electro- 
lyte 11 where the electrode 10 is immersed. 

In this manner, the unreacted low molecular com- 
pounds within the DNA sequencing sample 7 can be 
transferred to the outside of the sample through the 
membrane 5. Although Fig.4 shows the above- 
described operation for only one of the through-holes 2, 
the operation of transferring the low molecular com- 
pounds can be carried out for a plurality of or all of the 
through-holes 2 simultaneously. 

Method for transfer to separation/detection system 
(electrical method) (the sixth embodiment) 

This method is for transferring the DNA sequencing 
samples charged in the through-holes of the plate of the 
present invention to each of the electrophoretic capillar- 
ies for separation and detection. It will be explained by 
the reference to Fig. 4. 

As one of terminals 6a of each capillary 6 of electro- 
phoretic capillaries is immersed into the DNA sequenc- 
ing sample 7 charged in the through-hole 2, a potential 
is applied between the outside of the membrane 5 and 
the other terminal 6b of the capillary 6. The potential 
can be applied, as shown in Fig. 4, between the elec- 
trode 9 used as a cathode and the electrode 1 0 used as 
an anode, while the membrane 5 is contacted with an 
electrolyte 8 wherein the electrode 9 is immersed and 
the other terminal 6b of the capillary 6 is contacted with 
an electrolyte 1 1 wherein the electrode 10 is immersed. 

This electrical injection method can be used in 
either case, whether the charged content of the electro- 
phoretic capillaries (separation system) consists of a 
polymer solution or an acrylamide gel. An electric volt- 
age of 1 to 10 kV is applied between the electrode 9 and 
the electrode 1 0 for one to several tens seconds to carry 
out the injection electrophoretically. 

Thus, the target substances in the DNA sequencing 
sample 7 can be transferred to each of the electro- 
phoretic capillaries 6 (around the terminal 6a). 

Although the Fig. 4 shows the above-mentioned 
operation for only one of the through-holes 2, the target 
substances in the DNA sequencing samples within a 
plurality of or all of the through-holes are transferred into 
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the capillaries simultaneously, by contacting the whole 
surface of the membrane 5 of the plate 1 with an elec- 
trolyte 8 and placing the other terminal 6b of each elec- 
trophoretic capillary 6 on the anode side. 

Method for transfer to separation/detection system 
(Pressure difference method) (the seventh embodi- 
ment) 

This method is for transferring the DNA sequencing 
samples charged within the through-holes of the plate of 
the present invention to each of the electrophoretic cap- 
illaries for separation and detection, and it will be 
explained by the reference to Fig. 6. 

As the DNA sequencing sample 7 is charged in the 
through-holes 2 of the plate 1, one of terminals 6a of 
each capillary of electrophoretic capillaries 6 is 
immersed in the DNA sequencing sample 7 in the 
through-hole 2 from the aperture of the through-hole 2. 
Then, the charged content 6c (for example, a polymer 
solution) in the electrophoretic capillary 6 is aspirated 
from the other terminal 6b of the electrophoretic capil- 
lary 6. Thus, the target substances contained in the 
DNA sequencing sample 7 can be transferred into the 
electrophoretic capillary 6. 

The target substances contained in the DNA 
sequencing samples 7 of every through-holes 2 can be 
transferred to each of electrophoretic capillaries simul- 
taneously by immersing each of electrophoretic capillar- 
ies 6 into each of the through-holes 2 of the plate 1 
respectively and aspirating them. 

Method for transfer to purification/separation/detection 
system (the eighth embodiment) 

This method is for removing unreacted low molecu- 
lar compounds in the DNA sequencing samples and 
then transferring the target substances in the DNA 
sequencing samples to electrophoretic capillaries for 
separation and detection. In this method, the above- 
mentioned method for removing unreacted low molecu- 
lar compounds contained in the DNA sequencing sam- 
ples and the above method for transferring the DNA 
sequencing samples to separation/detection system are 
carried out successively. 

The method of the fifth embodiment of the present 
invention is used for removing low molecular com- 
pounds. 

Namely, as shown in Fig.4, as one of the terminals 
6a of each capillary 6 of electrophoretic capillaries is 
immersed into the DNA sequencing sample 7 charged 
in the through-hole 2 of the plate 1 of the present inven- 
tion, a potential is applied between the outside of the 
membrane 5 and the other terminal 6b of the capillary 6 
so that the other terminal 6b should be a cathode to 
transfer the unreacted low molecular compounds in the 
DNA sequencing sample 7 to the outside of the sample 
through the membrane 5. 

Then, the method of the sixth embodiment of the 



10 

present invention is employed for transfer of the sample. 

That is, the target substances in the DNA sequenc- 
ing sample 7 are transferred to the electrophoretic cap- 
illary 6 by applying a potential between the outside of 

5 the membrane 5 and the other terminal 6b of each cap- 
illary 6 of the electrophoretic capillaries so that the other 
terminal 6b should be an anode. 

Removal of the low molecular compounds and 
transfer of the target substances can -readily be con- 

10 ducted by reversing the polarity of the electrodes 9 and 
10. However, the electrolyte 8 containing the unreacted 
low molecular compounds transferred through the 
membrane 5 is preferably changed before the transfer 
of the target substances in order to prevent the low 

is molecular compounds from returning into the sample 7. 

Method for transfer to purification/separation/detection 
system (the ninth embodiment) 

20 This method is for removing the unreacted low 
molecular compounds in the DNA sequencing samples 
and transferring the target substances in the DNA 
sequencing samples to electrophoretic capillaries for 
separation and detection. In this method, the above- 

25 mentioned method for removing unreacted low molecu- 
lar compounds in the DNA sequencing samples and the 
above method for transferring the DNA sequencing 
samples to a separation/detection system are carried 
out successively. 

30 The method of the fourth embodiment of the 
present invention is employed for removing low molecu- 
lar compounds. 

Namely, as shown in Fig. 3, as the through-holes 2 
of the plate 1 of the present invention are charged with 

35 DNA sequencing sample 7, a pressure difference is pro- 
vided between the apertures 2a of the through-holes 
and the outside of the membrane 5 so that the outside 
of the membrane 5 should have negative pressure. 
More specifically, the pressure difference can be pro- 

40 vided so that the outside of the membrane 5 should 
have negative pressure by providing a vacuum con- 
tainer 20 on the plate 1 at the membrane 5 side and 
reducing the pressure therein. The unreacted low 
molecular compounds in the DNA sequencing sample 

45 can be transferred to the outside of the sample through 
the membrane 5 together with the other low molecular 
compounds such as water. 

Then, the method of the sixth embodiment of the 
present invention is used for transfer of the sample. 

so That is, as shown in Fig.4, as one of the terminals 
6a of each capillary 6 of electrophoretic capillaries is 
immersed into the DNA sequencing sample 7 charged 
in the through-hole 2 of the plate 1 of the present inven- 
tion, a potential is applied between the outside of the 

55 membrane 5 and the other terminal 6b of the capi llary 6 
to transfer the target substances in the DNA sequencing 
sample 7 to the inside of the electrophoretic capillaries 
6. 

The DNA sequencing samples, the object to be 
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dealt in the present invention, may be, for example, 
products of a large number of chemical reactions or 
enzymatic reactions (96 or more reactions/plate/opera- 
tion) produced in a large number of spaces (wells, holes 
etc.). Nature, number and the like of the reactions are 
not particularly limited. For example, the DNA sequenc- 
ing samples may be products of DNA sequencing reac- 
tions carried out in the through-holes of the plate of the 
present invention or products of the DNA sequencing 
reactions carried out in wells of a conventional micro- 
titer plate. Further, as the DNA sequencing reactions, 
Sanger reactions using dideoxynucleotides, DNA cycle 
sequencing conducted by using PCR (polymerase 
chain reaction) and the like can be exemplified. 

When the DNA sequencing reactions are carried 
out in the spaces formed in the through-holes of the 
plate of the present invention, the following procedure is 
preferably employed. First, reagents and enzymes, 
other than those required to be of different kind for each 
through-hole (for example, template DNA and the like), 
such as reaction enzyme (thermostable polymerase or 
the like), reaction buffer and the like are introduced 
together into each through-hole of the part for assem- 
bling reaction vessels of the first embodiment of the 
present invention as explained in the second embodi- 
ment of the present invention. That is, a certain pre- 
determined amount of a reagent and/or enzyme solu- 
tion can be introduced into each of the through-holes 
simply by immersing the part for assembling reaction 
vessels according to the first embodiment of the present 
invention into the reagent and/or enzyme solution and 
pulling the part up from the solution. When the plate is 
provided with two or more kinds of holes with different 
sizes, reaction vessels capable of inclusion of different 
amounts of reagent and/or enzyme solution can be 
formed. Then, a membrane is applied to one surface of 
the plate of the part to complete a plate retaining the 
reagent and/or enzyme solution in its through-holes. 

The obtained plate can be used for desired reac- 
tions such as DNA sequencing reactions or the like. 

As the reactions carried out in the vessels, 
sequencing reactions performed at 37°C and utilizing 
DNA polymerase are advantageous because of the 
reaction solution retaining property of the membrane. 
This technique of the present invention extremely sim- 
plify the procedure of first charging of the reagent and/or 
enzyme solution into multiple reaction spaces. 

However, instead of using this technique, the rea- 
gent and/or enzyme solution may be charged one by 
one. 

The target substances transferred to electro- 
phoretic capillaries by the method of the present inven- 
tion can be separated and detected by conventional 
methods. As such conventional methods, the DNA 
sequencing technique based on the DNA capillary elec- 
trophoresis can be mentioned. As a DNA separation 
system used for the DNA capillary electrophoresis, for 
example, the capillary lanes 31 provided in a grid-like 
arrangement where the capillary lanes are provided 



three-dimensional I y regularly (for example, like parallel 
columns) as shown in Fig. 7 can be used. The grid-like 
arrangement of the capillaries can be correspond to the 
arrangement of the through-holes 33 of the multi- 
5 through-hole plate 32 of the present invention so that 
each capillary should be rightly inserted into each corre- 
sponding through-hole 33 of the multi-through-hole 
plate 32. 

The membrane (not shown) provided on the bottom 

10 surface of the multi-through-hole plate 32 provided with 
the capillaries is contacted with the upper surface of 
buffer contained in a cathode electrophoretic bath 34. A 
potential is applied between the cathode electrophoretic 
bath 34 and an anode electrophoretic bath 35 in which 

is the other terminal of each capillary is immersed by 
means of an electric source 36. Thus, all of the target 
substances in the multi -through-hole plate 32 are elec- 
trophoretically injected into the capillaries. Then, the tar- 
get substances are separated electrophoretically and 

20 separated fragments are detected by a detector 37. The 
detector 37 is selected depending on the nature of the 
marker charged on the fragments. For example, when 
the marker is a fluorescence marker, a fluorescence 
detector is used, and an imaging analyzer can be used 

25 for an Rl marker. 

EXAMPLES 

The present invention will be further illustrated by 

30 the reference to the following examples. 

In the following examples, unreacted low molecular 
compounds contained in DNA sequencing samples 
were removed by using an apparatus as shown in Fig- 
ure 8, and then DNA sequencing samples were trans- 

35 ferred to electrophoretic capillaries by using a capillary 
electrophoresis apparatus as shown in Figure 9. Fur- 
ther, separation and detection were performed by a sep- 
aration/detection apparatus utilizing electrophoresis as 
shown in Figure 7. 

40 

(1) Pretreatment of inner walls of quartz capillary 

A quartz capillary having an inner diameter of 0.1 
mm and an outer diameter of 0.22 mm (O.D. 220 nm, 
45 I.D. 100 urn, SGE: Australia) was cut into capillaries 
having a length of 30 cm, immersed into a solution of 
functional regents (3-methacryloxypropyltrimethox- 
ysilane etc.) and left for several hours. Then, the inside 
of the capillaries was washed with water and methanol. 

50 

(2) Charging of acrylamide 

An acrylamide solution [TBE buffer (100 mM Tris 
borate, pH 8.0, 0.2 mM EDTA), 7M urea, 6% acryla- 
55 mide, 0 to 5% bisacryfamide] was prepared, degassed 
by a vacuum machine or the like, added with ammonium 
per sulfate (final concentration: 0.05%) and tetramethyl- 
ethylenediamine (final concentration: 0.01%), and 
charged into the above quartz capillaries using an injec- 
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tion syringe. The capillaries were left for several hours 
at 4°C for completion of gelation. 

(3) Preparation of template DNA 

5 

M18 primer (0.5 pmol), template DNA (M13 phage, 
0.5 pmol), Sequenase Ver. 2.0 buffer (2 ul, 200 jiM Tris- 
Cl, pH 7.5, 100 mM MgCI 2t 250 mM NaCI) were intro- 
duced into a sampling tube and adjusted to 10 ul with 
sterile distilled water to obtain a mixture. The mixture 10 
was warmed at 65°C for 10 minutes and returned to 
room temperature to cause annealing of the template 
and the primer. Then, the solution of the annealed tem- 
plate/DNA-primer (1 0 ul) was added with 0.1 M drthioth- 
reitol (1 ^l), dNTPs mix (2 nJ, 1 nM dATP, dGTP, dTTP), 15 
[a- 32 P]dCTP (0.5 ill, 300 Ci/mmol, 10 mCi/ml f Amer- 
sham) and Sequenase Ver. 2.0 (2U, Amersham). Then 
the reaction mixture (2.5 ^l) was added to a termination 
mixture (3.5 pi, 80 jiM dATP, dGTP, dCTP, dTTP, 8 jiM 
ddTTR 50 mM NaCI), mixed and allowed to react at 20 
37°C for 10 minutes. The reaction mixture was mixed 
with 10 p.l of fbrmamide dye [95% formamide, 10 mM 
EDTA, 0.05% Bromophenol Blue (BPB), 0.05% xylene 
cyanol (XC)] and heated to 80°C for 5 minutes. 

25 

(4) Injection of samples and electrophoresis 

A polyether sulfone ultrafiltration membrane was 
fused by an adhesion method such as ultrasonic bond- 
ing to a bottom surface (to be contacted with buffer) of a 30 
plate having 384 (16 x 24) through-holes having an 
inner diameter of 3.5 mm. The sample solution pre- 
pared as above was injected to each through-hole of the 
plate so that the sample solution should contact with the 
ultrafiltration membrane. 35 

The plate 1 with the membrane containing the sam- 
ple solution was connected with an aspirator as shown 
in Fig. 8 and aspirated by vacuuming from the mem- 
brane side for 1 0 minutes to reduce the pressure so that 
un reacted low molecular compounds were removed. 40 

Then, each one terminals 6b of the above-prepared 
capillaries 6 charged with acrylamide gel was immersed 
into a TBE buffer (not shown) and the other terminal 
was immersed into the sample solution 7 as shown in 
Figure 9. The ultrafiltration membrane 5 provided on the 45 
bottom surface of the plate 1 was immersed into a TBE 
buffer. A voltage of 3 kV was applied between the cath- 
ode electrophoretic bath 34 and the anode electro- 
phoretic bath 35 for 30 seconds as shown in Figure 7. 

Then, the terminals of the capillaries immersed in so 
the samples were transferred to a TBE buffer and elec- 
trophoresis was performed at 3000 V for 1 hour. 



(5) Autoradiography 

When BPB reached the bottom ends of the capillar- 
ies, electrophoresis was finished, and the migration pat- 
tern was analyzed by BAS 2000 imaging analyzer 
(FUJI). The result is shown in Fig. 10. A sequencing lad- 
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der was obtained by the above protocol as shown in Fig. 
10. 

According to the present invention, a means capa- 
ble of easily charging reaction solutions into a large 
number of wells in a short time can be provided. 

According to the present invention, a method for 
easily removing unreacted labeling substances and the 
like in a short time from a plurality of DNA sequencing 
samples containing the labeling substances and the like 
can also be provided. 

According to the present invention, a means capa- 
ble of easily transferring a large number of DNA 
sequencing samples to electrophoresis capillaries in a 
short time can be also provided. 

In addition, according to the present invention, a 
method for easily removing unreacted labeling sub- 
stances and the like in a short time from a plurality of 
DNA sequencing samples containing the labeling sub- 
stances and the like and capable of easily transferring a 
large number of DNA sequencing samples to electro- 
phoresis capillaries in a short time can also be provided. 

Claims 

1 . A part for assembling reaction vessels comprising a 
base plate with through-holes passing said plate in 
the direction of thickness. 

2. The part of daim 1 wherein the inner-diameter of 
the through -holes ranges from 0.01 to 10 mm. 

3. A method for preparation of reaction vessels con- 
taining a reaction solution characterized in that the 
part of claim 1 or 2 is immersed in a reaction solu- 
tion to charge the through-holes with the reaction 
solution and then one of apertures of each hole of 
the above through-holes is sealed with a membrane 
to complete said reaction vessels. 

4. The method of claim 3 wherein the reaction solution 
is a buffer solution containing an enzyme. 

5. A plate used for transferring DNA sequencing sam- 
ples to a separation/detection system characterized . 
in that the plate comprises a base plate with 
through-holes passing said plate in the direction of 
thickness and a membrane for sealing one of aper- 
tures of each hole of said through-holes. 

6. The plate of claim 5 wherein the membrane is an 
ultrafiltration membrane. 

7. A method for removal of unreacted low molecular 
compounds contained in DNA sequencing samples 
characterized in that said DNA sequencing sam- 
ples are charged in the through-holes of the plate of 
claim 5 respectively, a pressure difference is pro- 
vided between the remaining apertures of the 
through-holes and the outside of the sealing mem- 
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brane in such a manner that the membrane side 
has negative pressure to transfer said unreacted 
low molecular compounds in the DNA sequencing 
samples to the outside of the samples through said 
membrane. 5 

8. A method for removal of unreacted low molecular 
compounds contained in DNA sequencing samples 
characterized in that said DNA sequencing sam- 
ples are charged in the through-holes of the plate of 10 
claim 5 respectively, and a potential is applied 
between said DNA sequencing samples and the 
outside of the sealing membrane to transfer said 
unreacted low molecular compounds in the DNA 
sequencing samples to the outside of the samples is 
through said membrane. 

9. The method of claim 8 wherein terminals of electro- 
phoretic capillaries are inserted into the DNA 
sequencing samples respectively, wherein the 20 
other terminals of said capillaries are contacted 
with an electrolyte having an electrode (1); the seal- 
ing membrane are contacted with an electrolyte 
with which an electrode (2) is contacted; and a 
potential is applied between the electrodes (1) and 25 
(2); or electrodes are inserted into the DNA 
sequencing samples respectively; the sealing 
membrane are contacted with an electrolyte with 
which an electrode is contacted; and a potential is 
applied between the electrodes inserted in the DNA so 
sequencing samples and the electrode contacted 
with the electrolyte. 

10. The method of any of claims 7-9 wherein the unre- 
acted low molecular compounds are unreacted flu- 35 
orescence labeling compounds. 

11. The method of any of claims 7-10 wherein said 
DNA sequencing samples are products of DNA 
sequencing reactions conducted in the through- 40 
holes of the plate of claim 5, or are products of DNA 
sequencing reactions conducted on a micro-titer 
plate. 

1 2. A method for transferring DNA sequencing samples as 
respectively charged in the through-holes of the 
plate of claim 5 to electrophoretic capillaries for a 
separation/detection system wherein one of termi- 
nals of each capillary of the electrophoretic capillar- 
ies are inserted into said DNA sequencing samples so 
and a potential is applied between said electro- 
phoretic capillaries and the outside of the sealing 
membrane to transfer said DNA sequencing sam- 
ples to the electrophoretic capillaries. 

55 

13. The method of claim 12 wherein said DNA 
sequencing samples are products of DNA sequenc- 
ing reactions conducted in the through-holes of the 
plate of claim 5, or are products of DNA sequencing 



reactions conducted on a micro-titer plate. 

1 4. A method for transferring DNA sequencing samples 
to a separation/detection system characterized in 
that said DNA sequencing samples are charged in 
the through-holes of the plate of claim 5 respec- 
tively, one of terminals of each capillary of the elec- 
trophoretic capillaries are inserted into said DNA 
sequencing samples contained in the through- 
holes from unsealed apertures and the charged 
contents are aspirated to the electrophoretic capil- 
laries from the other terminal of each capillary of 
the electrophoretic capillaries to transfer target sub- 
stances contained in said DNA sequencing sam- 
ples to the electrophoretic capillaries. 

15. A method for purification and transfer to a separa- 
tion/detection system of DNA sequencing samples, 
which comprises removing unreacted low molecu- 
lar compounds contained in the DNA sequencing 
samples and then transferring target substances 
contained in the DNA sequencing samples to elec- 
trophoretic capillaries for the separation/detection 
system, characterized in that said DNA sequencing 
samples are charged in the through-holes of the 
plate of claim 5 respectively, one of terminals of 
each capillary of electrophoretic capillaries are 
inserted into said DNA sequencing samples, a 
potential is applied between the outside of said 
membrane sealing the through-holes charged with 
said DNA sequencing samples and the other termi- 
nal of each capillary of the electrophoretic capillar- 
ies to transfer unreacted low molecular compounds 
contained in said DNA sequencing samples to the 
outside of the samples through the membrane and 
then a potential is applied between the outside of 
said membrane, and the other terminal of each cap- 
illary of the electrophoretic capillaries to transfer 
said target substances in the DNA sequencing 
samples into the electrophoretic capillaries. 

16. A method for purification and transfer to a separa- 
tion/detection system of DNA sequencing samples, 
which comprises removing unreacted low molecu- 
lar compounds contained in the DNA sequencing 
samples and then transferring target substances 
contained in the DNA sequencing samples to elec- 
trophoretic capillaries for the separation/detection 
system, characterized in that said DNA sequencing 
samples are charged in the through-holes of the 
plate of claim 5 respectively, a pressure difference 
is provided between the remaining apertures of the 
through-holes and the outside of the sealing mem- 
brane in such a manner that the membrane side 
should have negative pressure to transfer said 
unreacted low molecular compounds in the DNA 
sequencing samples to the outside of the samples 
through said membrane, then one of terminals of 
each capillary of electrophoretic capillaries are 
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inserted into said DNA sequencing samples, and a 
potential is applied between the outside of said 
membrane sealing the through-holes charged with 
said DNA sequencing samples and the other termi- 
nal of each capillary of the electrophoretic capillar- 5 
ies to transfer target substances contained in said 
DNA sequencing samples to the electrophoretic 
capillaries. 
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